presence or absence of thickening of the aortic valve, especially in the central part of the base of each cusp. If the cusps could be pressed flat against the aortic wall without any protuberance, the valve was recorded as normal. The valve thickening was considered slight, with a protuberance up to 3 mm., moderate 3-5 mm., and great over 5 mm. Representative microscopic sections were made in selected cases. Dilatation of the aorta was recorded by measuring with a ruler the widest diameter of the ascending aorta and comparing it with the diameter of the aortic ring before fixation.
RESULTS
Clinical Study. Systolic murmurs were heard in 146 of the 300 cases studied. The incidence by decades is shown in Table I . The majority were best heard over the second right intercostal space but also in a band down the sternum, out towards the apex. The murmur was confined to the aortic area in 14 cases and to the apex in 22. In the remaining 110 cases the murmur was heard in both areas, being loudest at the apex in 43, at the aortic area in 39, and of equal intensity in both areas in 28; 112 murmurs were of slight intensity (grade 2), and 34 were moderate to loud (grade 3 or over). The latter were often transmitted into the neck. A thrill was felt over the aortic area in only three cases. One loud murmur in the aortic area was musical. In nine cases, where there was a hyperkinetic circulation, a loud systolic murmur was well heard over the whole prxcordium, including the pulmonary area, while in all the other patients the murmur was diminished in the latter area. The murmurs tended to be short, leaving an appreciable gap before the second heart sound. In only three cases was a soft pan-systolic murmur heard at the apex. Two of these patients had a recent myocardial infarction and one had severe hypertension. In addition, in one hypertensive patient an early diastolic murmur was heard at the left sternal border.
The second heart sound at the aortic area was loud in most patients, although normal in some others. Where splitting of the second heart sound was heard, it was not abnormally wide, except in the few patients with bundle-branch block.
Forty out of the 112 patients with a grade 2 murmur and 18 out of 34 with a murmur of grade 3 or over, had associated hypertension, anamia (hemoglobin 10 g. or less), thyrotoxicosis, or liver failure due to cirrhosis. One case of recent myocardial infarction, mentioned previously, showed a soft pan-systolic murmur at the apex and a short ejection murmur at the aortic area. In 26 cases a "spindle"-or "diamond"-shaped murmur was shown, depending on the loudness (Fig. 1, 2, and 3 ). The point of maximal intensity, as measured over at least four cycles, coincided with the middle of systole in two cases (No. 4 and 25, on Fig. 1 and ended an appreciable time before the second sound, which was often accentuated. No late systolic murmurs were recorded. The pattern of the murmur at the apex was indistinguishable from that at the aortic area, when it was audible in both positions. In 9 out of 10 cases, inhalation of amyl nitrite caused an intensification of the murmur without changing its position in systole.
The murmur in hypertension and in hyperkinetic states was similar in all respects to those described.
In three cases of atrial fibrillation the loudness of the murmurs varied with the duration of the preceding diastolic interval. On two occasions an early systolic click was recorded: the inhalation of amyl nitrite increased the intensity of the systolic click and shortened the interval between it and the first sound (Fig. 4) . Pathology. Some thickening of the cusps of the aortic valve was found in 120 of the 168 subjects coming to necropsy (of whom 23 were examined by the authors and included in the clinical study). This thickening appeared to originate in the aortic aspect of the base of the cusp (Fig. 5) , so that the latter was less mobile and projected into the aortic lumen. In mild cases the thickening appeared to be fibrous and was confined to the central region of the cusp. With increasing severity, it spread towards the free margin and there was associated calcification (Fig. 6) . In all cases the free margin of the valve was mobile and unaffected by this process. Fusion of the commissures was not seen; slight adhesions over a distance of 1 to 2 mm. did not seem important, as they were just as frequent in normal valves without any thickening. Histological examination (Fig. 7) showed, in cases recorded as slight, some fibrous thickening in the proximal sixth of the fibrous lamina and of the pocket at the point of attachment of the cusps. Moderate thickening was characterized by calcification within the fibrous lamina at the root of the cusps, with accompanying slight fibrous thickening, and great thickening by gross nodular calcification at the point of attachment of the cusps and the adjacent part of the fibrous lamina. Although the base of the valve projected into the aortic lumen, in no case was there severe obstruction to the passage of blood and the circumference of the most affected valve was still 6 cm., which is only slightly less than the normal figure of 7 to 8 cm. Figure 8 shows the relationship of this valve thickening to the age group, where there is a tendency for it to become more apparent with increasing years. The pulmonary valves remained entirely free from similar alterations throughout all the age-groups. The ratio of the widest diameter of the ascending aorta to the diameter of the aortic ring increased from 094 (0-80 to 1-2), in 35 cases under .50 years of age, to 1-14 (0 93 to 1-4) in 100 cases older than this. Aneurysmal dilatation of the ascending aorta was not seen. We have intentionally avoided further statistical analysis of these data, as our simple method of measurement of the diameters would not permit any detailed conclusions. 
DIsCUSSION
In contrast to childhood, where the right ventricular outflow tract seems to be the site of origin of most physiological murmurs (Bass et al., 1933; Friedlander and Brown, 1935; Sodeman, 1944; Mannheimer, 1955) , the present study points towards the aortic valve as the origin of the great majority of murmurs heard in people over the age of 50 years. r It must be emphasized that this series represents a general hospital population, in whom there were many patients with hypertension or with a hyperkinetic circulation. Therefore, it is likely that the incidence of these murmurs in the general population is less.
The pathological finding of thickening and even calcification of the base of the aortic valve leaflets is so common at necropsy, in the age groups over 50, that one is inclined to consider at least the more advanced degrees as the explanation of an aortic systolic murmur with increasing age. These pathological changes are different from those of rheumatic origin in that the latter tend to be localized more in the free edges of the valves with associated distortion and fusion of the cusps. Since the original description by Monckeberg (1904) others have confirmed that the incidence of calcification beginning in the base of the aortic valve leaflets is high and that many of these changes may be of atherosclerotic character (Sohval and Gross, 1936; Lesnick and Schlesinger, 1938; Hultgren, 1948; Boas et al., 1954) . These authors, however, were mainly interested in the severe degrees of calcification leading to true calcific stenosis and did not stress the importance of considering lesser degrees of valvular changes in the production of murmurs in elderly people.
It appears from the present study that sclerotic lesions of old age, unless very advanced, do not usually produce a significant haemodynamic obstruction and therefore tend to be benign, although they can cause a loud murmur. It is important to recognize the benign nature of such a murmur and not to label the patient as having serious heart disease, but rather to consider it as part of the natural ageing process. The murmur is exaggerated by increased speed of ejection through the slightly narrowed orifice and one would therefore expect it to be louder when the output of the heart is high, as in anmmia or thyrotoxicosis.
Clinically, the murmur of aortic valve sclerosis, when heard at the apex, may be differentiated from that due to mitral regurgitation, by its audibility in the aortic area, its transmission into the neck, its limitation to early or mid-systole, and its intensification by inhalation of amyl nitrite (Barlow and Shillingford, 1938) . Differentiation has to be made from rheumatic aortic stenosis: the absence of a past history of heart disease and of other associated valvular lesions decreases the likelihood of a rheumatic origin in this age group. Furthermore, signs associated with obstructive aortic stenosis are nearly always lacking, such as left ventricular hypertrophy, alterations in the form of the pulse, and paradoxical splitting of the second sound. Phonocardiography showed that, while many rhomboid-shaped murmurs, similar to those seen in aortic stenosis (Leatham, 1951) , were present, there was a significant difference, in that the point of maximal intensity fell almost invariably in the first half of systole. This is in agreement with the recent findings of Aravanis and Luisada (1957) who stated that 87 per cent of the murmurs in "relative aortic stenosis" were early diamond-shaped, whereas 67 per cent of cases with obstructing stenosis were late diamond-shaped. On the other hand, if one accepts the view that not all cases of aortic stenosis are rheumatic in origin, but that some of them are due to an arteriosclerotic process gradually developing from valve sclerosis to true obstruction, one should not be surprised to find borderline cases.
SUMMARY
The incidence of systolic murmurs has been studied in 300 hospital patients over the age of 50. Clinical and phonocardiographic studies have shown that the majority arise in the aortic valve. Aortic systolic murmurs become more frequent with increasing age: they can be loud especially in the presence of a hyperkinetic circulation.
The responsible pathological lesion in many cases appears to be the thickening of the base of the aortic valve cusps, which produces a murmur but does not obstruct significantly the outflow.
ADDENDUM ON THE MODE OF PRODUCTION OF MURMURS OF AORIC SCLEROSIS
We were reluctant to accept these minor changes in the base of the aortic valve as a cause of the murmurs.
Therefore we set up a series of tests in a model circulation, resembling the experiments of Bondi (1936).
He described murmurs (audible eddies) produced in a continuously flowing stream of water, by various shapes of glass or brass tubes, at varying rates of flow. He did not study sounds produced by pulsatile flow. *[n view of the obvious importance of the pulsatile factor the Melrose artificial heart-lung machine was used in these experiments.
Brass tubes with varying types of narrowed lumen were placed in the outflow of the pump with the phonocardiograph-microphone 2 cm. distal to the obstruction. The loudest murmurs were always obtained with tubes having an abrupt protrusion into their lumina. Figure 9 shows the type and intensity of murmurs recorded with a tapered narrowing and with an identical degree of narrowing produced by a diaphragm. In both cases the murmur is typically rhomboid-shaped but the diaphragm causes greater loudness and intensity for the same stroke-output. The ratio (0125) of the protrusion to the lumen, in this example, is the same as that of a moderate pathological valve thickening (3 mm.) to the diameter of the aortic ring (24 mm.).
Thus even a slight but abrupt protuberance is capable of producing a murmur of considerable intensity, while a gradually changing diameter (such as dilatation of the ascending aorta) is less likely to produce an audible sound. 
